Toxocariasis has been highlighted as a potentially important neglected infection of poverty in developed countries that experience substantive health disparities such as the United States. An association between Toxocara infection and lung function, in concert with a relatively high prevalence of infection, may mark an important mechanism by which this infection could contribute significantly to the differential morbidity across different socioeconomic groups and landscapes. To assess the potential relevance of this infection in a dense urban environment, we measured the association between forced expiratory volume in 1 second (FEV 1 ) and serology diagnosed Toxocara infection in a sample of US-born New York City residents. We identified a significant independent association between Toxocara infection and lung function, wherein those with previous Toxocara infection had a 236.9 mL reduced FEV 1 compared to those without Toxocara infection even after adjusting for age, sex, ethnicity, level of education, smoking status, body mass index, and pet ownership. These findings from New York City corroborate similar findings in a national sample and, while the cross-sectional data preclude a direct causal relationship, this study identifies a potentially important neglected infection in a dense urban landscape.
Introduction
Much of the developed world, particularly the United States, experiences significant within-population disparity in health and morbidity despite adequate overall health resources (Adler and Rehkopf, 2008) . These health disparities typically fall along the socioeconomic lines of ethnicity and poverty. While there are many and varied contributors to differences in health outcomes across sub-populations, the concept of neglected communities and their collective health is probably a critical concept applicable to both chronic and infectious disease. Indeed, a strong argument has been made for how both rubrics of disease may be closely associated in the occurrence of what has been called the neglected infections of poverty (NIP) (Hotez, 2008) . These infections tend to be chronic infections, which in turn can lead to chronic disease such as asthma, cardiovascular disease and poor cognitive development (Hotez, 2008; Hotez and Wilkins, 2009 ).
One such NIP in the United States is toxocariasis. Recent studies based on the third National Health and Nutrition Examination Survey (NHANES III) have demonstrated higher than expected seroprevalence of infection with Toxocara species (spp.) (Won et al. 2008; Congdon and Lloyd, 2011) . While the overall seroprevalence of Toxocara infection was estimated at close to 14%, most remarkable is the striking prevalence differences across ethnicity, with 21.2% of African-Americans and 10.7% of Mexican-Americans demonstrating previous infection compared to 12.0% of Whites (Won et al. 2008) . It is typically thought that most Toxocara infections are asymptomatic and that acute complications, such as ocular larva migrans, rarely present. While this may be true, acute complicated toxocariasis may not be the only relevant clinical presentation. Instead, more insidious chronic disease involving the lungs, vasculature, and central nervous system may be more prevalent and, thus, of greater public health significance (Hotez and Wilkins, 2009 ). Diminished lung function has been associated with Toxocara infection in animal models, as have infections with other nematodes whose development includes migration across pulmonary tissues (Pritchard et al. 1983; Buijs, 1995; Pinelli, 2005) . In addition, *Corresponding author: michael.walsh@downstate.edu Toxocariasis in an urban landscape 127 several studies in low and middle income countries have shown associations between Toxocara infection and asthma (Feldman and Parker, 1992; Buijs, 1994; 1997; Oteifa, 1998; Chan, 2001; Sharghi, 2001; Kuk, 2006) , but how this might translate to a high income country with significant health disparities is unknown. Finally, a previous study examining the NHANES III sample population identified a strong association between Toxocara infection and diminished lung function that was robust to many other contributing factors to both toxocariasis and lung function including gender, ethnicity, and rural residence (Walsh, 2011) .
It has been suggested by others that toxocariasis may represent an important NIP in the US in both poor rural communities as well as poor urban communities, particularly among African-Americans and Latinos in the latter geographic spaces (Hotez and Wilkins, 2009) . To explore the possible relevance of toxocariasis for lung function among urban communities, this report follows a previous examination of lung function and Toxocara infection among the national US population (Walsh, 2011) with a similar examination of this association among communities in New York City. Specifically, this current study tested the difference in forced expiratory volume in 1 second (FEV 1 ) between those with and without serologic evidence of Toxocara infection in a representative sample of New York City residents.
Materials and Methods
The relationship between Toxocara infection and lung function among New York City residents was assessed using data from the third National Health and Nutrition Examination Survey (NHANES III) conducted between the years of 1988 and 1994 by the National Center for Health Statistics at the Centers for Disease Control and Prevention. Methods describing this national survey have been described previously (National Center for Health Statistics, 1996) and are briefly summarized below. The survey was designed to obtain nationally representative estimates of the health and nutritional status of the population of the United States through personal interviews and physical examinations. The study participation was good, with 86% response for the questionnaire interview, and 78% response for the examination component, which included blood samples subsequently stored and used for analysis of Toxocara antibodies. Both the self-reported health data and laboratory measures were collected in either the Mobile Examination Center or at the participants' homes. Antibodies to Toxocara spp. were measured with an in-house enzyme immunoassay (EIA) developed at the Centers for Disease Control and Prevention (CDC), which used an excretory/secretory antigen of Toxocara canis (Centers for Disease Control and Prevention, 2007) . The assay did not distinguish between antibodies against T. canis and Toxocara cati (Won, 2008) , and so this report simply refers to Toxocara spp. infection throughout the text. Spirometry was performed with at least five measurements, meeting the reliability guidelines of the American Thoracic Society (Hankinson and Bang, 1991; National Center for Health Statistics, 1996) . Level of education was used as a robust indicator of socioeconomic status and was recorded as the number of years of education completed. Body mass index (BMI) was recorded as the ratio of weight in kilograms to height in meters squared (kg/m2). Participants were considered smokers if they responded positively to ever having smoked more than 100 cigarettes in their lifetime. Those responding negatively were considered non-smokers. Ethnicity was determined by self-report and was represented by four categories: African-Americans, Mexican-Americans, Whites, and Other. Immigration status reflects simply the participant's place of nativity rather than the participant's official administrative documentation of that status. This was determined by the answer to the question: "Were you born in the United States?". Immigrant residents of New York City had a much higher seroprevalence of Toxocara infection than did US-born residents (20.3% vs. 8.5%, respectively). However, because of the likelihood of important differences in both exposure history and lung function between immigrants and US-born individuals, this analysis is limited to US-born residents except where stated otherwise. Dog and cat ownership was determined by self report. A total of 13, 240 adult, US-born participants who were at least 17 years old at the time of examination were tested for the presence of Toxocara spp. antibodies. Of these, 894 participants did not have spirometry, leaving a final analytical sample of 12,346. There were 300 US-born New York City residents sampled from the boroughs of Brooklyn, Queens and Manhattan. There was no difference in the prevalence of Toxocara infection between those with and without spirometry.
Statistical Analysis
Sample population means and proportions are presented for descriptive comparisons between those with and those without Toxocara infection. Multiple linear regression was used to assess the independent association between Toxocara infection and FEV 1 while controlling for age, sex, ethnicity, education level, BMI, smoking status, and dog ownership. An additional model examined the Toxocara-FEV 1 association among the whole national sample population. This model adjusted for all of the covariates in the model with only New York City residents, but additionally added a variable for New York City residence and a New York City residence*Toxocara infection interaction term. This additional model allowed us to identify whether the association between Toxocara infection and lung function was amplified for this dense urban environment. The svymean, svytab, and svyregress (for the linear regression models) commands in STATA were used in order to account for the NHANES weighted sampling design. STATA (v. 10) was used for all statistical analyses (StataCorp LP, College Station, TX, USA).
Results
The overall prevalence of previous infection with Toxocara spp. in the New York City boroughs of Queens, Brooklyn, and Manhattan (including both US-born and immigrant residents) was 13.5%, which is very similar to the national prevalence of 14.2% reported previously (Walsh, 2011) . The overall prevalence among the US-born residents of New York City was somewhat less (8.5%) than the national estimate, but varied widely by borough with 3.5% in Manhattan, 10.6% in Queens, and 14% in Brooklyn (Fig. 1) . As described in the Methods section, all of the following results apply to the US-born New York City residents only. The differences in sociodemographic factors and lung function by Toxocara spp. infection status are as follows. Men (10.4%) had a higher seroprevalence of Toxocara spp. antibodies than women (7.0%). Mexican-Americans (32.2%) had the highest prevalence of all ethnicities with over three times that of African-Americans (10.4%), and over 5 times that of Whites (7.5%) and individuals of undefined ethnicity (7.4%). While this is in contrast to findings at the national level, which show African-Americans with the highest prevalence followed by Mexican-Americans and Whites, it is worth noting that in this urban population of New York City a substantive proportion of all ethnicities still have evidence of Toxocara spp. infection. There was little difference in prevalence between smokers (7.9%) and non-smokers (9.0%), or between dog owners (6.0%) and non-owners (8.8%). Those individuals with seroevidence of Toxocara spp. infection were older (51.4 vs. 43.6 years old), overweight (BMI = 27.4 vs. 26.0), and slightly more educated (13.8 vs. 12.9 years completed) than those who were not infected. The forced expiratory volume in 1 second (FEV 1 ) was lower in those New York City participants who had evidence of previous Toxocara spp. infection compared to those who did not (2861.9 mL vs. 3240.8 mL, respectively). Table I presents the results from the multiple linear regression model, which modeled the association between past Toxocara infection and FEV 1 , while controlling for potential confounders. Previous Toxocara infection demonstrated a significant independent association with current lung function. The FEV 1 was 236.93 mL lower among those with previous infection compared to those without (95% C.I. 25.89-447.97; p = 0.04). This difference among New York City residents was much larger than the difference observed in the national population, which also demonstrated a significant independent reduction in FEV 1 among Toxocara infected individuals (73 mL) (Walsh, 2011) . As expected, gender and age were both independently associated with lung function with women producing 1221.7 mL lower FEV 1 than men (95% C.I. 1017.85-1425.55; p = 0.002), and with each year increase in age associated with a 34.82 decrease in FEV 1 (95% C.I. 33.21-36.42; p<0.001). White New York City residents had higher FEV 1 than all other ethnic groups. However, only African-Americans had a significantly lower FEV 1 compared to Whites (difference = 449.9 mL; 95% C.I. 57.58-842.22; p = 0.04). Also, as anticipated, smokers had 114.72 mL lower FEV 1 compared to non-smokers (95% C. I. 30.29-199.16 ; p = 0.03). Finally, education level as measured by the number of years of schooling completed was significantly associated with lung function, wherein each year increase in education level corresponded to a 29.98 increase in FEV 1 (95% C.I. 4.34-55.61; p = 0.04). Neither excess body size nor dog ownership was independently associated with lung function.
There were no significant differences in Toxocara seroprevalence between New York City residents and the general national NHANES population in either estimates that included immigrants (13.5% vs. 14.2%, respectively; p = 0.76) or those that did not (8.5% vs. 13.1%, respectively; p = 0.23). Nor was there a difference in FEV 1 between US-born New York City residents and the general population (3161.41 mL vs. 3227.90; p = 0.72). Nevertheless, this investigation did examine the potential for interaction between New York City residence and Toxocara infection on the association with lung function. An additional model was fitted with all US-born NHANES III participants (i.e. New York City residents plus non-New York City residents in the national population) wherein both New York City residence (New Yorker vs. non-New Yorker) and an interaction term between New York City residence and Tox- oxcara infection were added as two additional factors to the model presented in Table I . There was no significant interaction between New York City residence and Toxocara infection on lung function (p = 0.95), thus residence in New York City did not appear to modify the association between Toxocara infection and lung function in the additive scale. Given that this New York City population is comprised of adults, we would like to know whether or not this study sample is also comprised of individuals who have spent most of their lives here or are recent migrants to the city (from other locations within the United States). If the sample is representative of the former, then it is more likely that these residents had their exposure in New York City, whereas residents who are recently migrated to New York City would likely have been exposed, and thus infected with, Toxocara spp. outside New York City. Unfortunately the length of time that all New York City residents had lived in New York City was not specifically documented. However, length of time residing in the area of current residence was assessed among all NHANES III participants, including those living in New York City. As such, the following distribution of the length of time living in each participant's area of residence was obtained. Seventy-two percent of the New York City residents in this study lived in the current area of residence either since birth, or for the majority of their lives since childhood. An additional 10% lived in the area of current residence for greater than 20 years, for a total of 82% of New York City residents living in their current area of residence for more than two decades. In addition, all but two residents with prevalent antibody evidence of Toxocara infection were among this 82%, while all but 4 residents with prevalent infections had lived in their current area since birth or the majority of their lives since childhood.
Discussion
This small, yet representative, sample of New York City residents obtained from the third National Health and Nutrition Examination Survey demonstrated a significant association between antibody evidence of previous Toxocara infection and decreased lung function. Those with Toxocara infection produced 236.93 mL less forced expiratory volume in 1 second compared to those without Toxocara infection after adjusting for important sociodemographic factors. Moreover, the seroprevalence of Toxocara infection in New York City was very similar to that of the national population (13.5% vs. 14.2%, respectively), although the prevalence was somewhat lower in New York City when only US-born individuals were considered (8.5% vs. 13.0%, respectively), which is the sample examined in this investigation.
The relationship between lung function and helminth infection in humans is not clearly understood. It is biologically plausible that helminths such as Toxocara spp., whose life cycle requires migration across pulmonary tissues to complete larval development in native hosts (e.g. dogs), and which often similarly transits across the lung in incidental hosts (e.g. humans), may induce pulmonary dysfunction in their hosts. Such a relationship may be driven by a hypereosinophilia and an IgE-mediated increase in pulmonary infiltrates, wheezing, and airflow obstruction (Weiss, 2000) . One study conducted 30 years ago demonstrated hypersensitivity in lung cells in primates infected with Ascaris suum relative to non-infected animals (Pritchard et al. 1983) . More recent animal studies have shown compromised lung function in mice infected with other nematodes (Buijs et al. 1995; Pinelli et al. 2005) . Furthermore, results from human studies also support a more specific association between Toxocara infection and asthma in low and middle income countries (Feldman and Parker, 1992; Buijs, 1994; Buijs, 1997; Oteifa, 1998; Chan, 2001; Sharghi, 2001; Kuk, 2006) . Finally, a report using the full national sample from NHANES III was the first to show a distinct, independent association between previous Toxocara infection and lung function in a national population-based study, with a 73 mL decreased FEV 1 among the infected participants (Walsh, 2011) . Nevertheless, as with the current study, these results are based on cross-sectional data and thus cannot be used to make direct causal claims.
As expected, the important risk factors of age, gender, ethnicity, and smoking were associated with lung function wherein women, African-Americans, Mexican-Americans, smokers, and increasing age all exhibited diminished FEV 1 . Also as expected, an increasing level of education was associated with increasing FEV 1 . Nevertheless, Toxocara infection was significantly associated with reduced FEV 1 adjusted for these independent risk factors. In addition, serologic evidence of Toxocara infection was higher in African-Americans (10.4%) and Mexican-Americans (32.2%) relative to Whites (7.4%). However, the relative differences in prevalence by ethnicity did not follow that reported for the national sample and M a n h a t t a n Bronx may be due in part to distinct ethnic distributions in New York City that are different to the national sample. For example, as previously reported, African-Americans had twice the prevalence of Toxocara infection compared to both Mexican-Americans and Whites in the national sample (Won, 2008; Walsh, 2011) , whereas Mexican-Americans had three times the prevalence of African-Americans and five times the prevalence of Whites in the current study of New York City residents. Nevertheless, it is also possible that these differences in Toxocara prevalence across ethnicity are entirely due to the much smaller sample available for New York City.
This study has some important strengths and limitations. The primary strength of the study is the availability of a representative sample of New York City residents, which simultaneously allowed for the estimation of both the seroprevalence of Toxocara infection and spirometry-measured lung function. As such, this report was able to assess whether the association between Toxocara infection and lung function, which was previously described in the national population, may also be present in this extremely dense urban population in the United States. Nevertheless, there are some important limitations as well. First, the cross-sectional design renders the data generated from such a study unsuitable for direct causal interpretation. However, an association due to reverse causality is unlikely. The question under the current investigation is whether or not Toxocara infection has an effect on lung function. We cannot, of course, measure the effect directly and, therefore, we are constrained to measure the association, which can go in either direction with respect to a cause-effect relationship. Nevertheless, in this instance, it is biologically more plausible that infection with this helminth lends the host to pulmonary dysfunction given the nature of the life cycle of the helminth and the host's immunologic response, rather than diminished lung function causing a predisposition to infection with Toxocara spp. The latter is particularly unlikely given that the larval development stage, which undergoes visceral migration, is a process that follows well after the transmission of infection. There is a possible exception, however. If Toxocara infection is itself a proxy for poorer socioeconomic status, then we might expect to see an increased occurrence of infection associated with decreased lung function, just as was observed in this study, because both may be associated with lower socioeconomic conditions. However, while the current investigation did identify decreased lung function among the less educated New York City residents, less education was not observed among those with Toxocara infection. Moreover, the independent association between Toxocara infection and lung function was adjusted for education level. As such, we would expect these education specific analyses to capture reverse causality if Toxocara infection did indeed represent low socioeconomic status rather than a potential effector of lung function. Nevertheless, no claim of causality can be made for Toxocara infection given that these data are observational and cross-sectional.
Another important limitation to this study was the small sample size. This study is comprised of only three counties (New York, Queens, and Kings, which correspond to the boroughs of Manhattan, Queens, and Brooklyn, respectively) out of the total 3141 counties included in the full NHANES III national sample. As such, the NAHNES sampling was not designed specifically to draw a large and robust sample from these three unique counties, and so this sample is further limited by the inherently large variance. Nevertheless, despite the small sample size, a significant and independent association between previous Toxocara infection and FEV 1 was observed among New York City residents born in the US, and was consistent with the full national sample.
In conclusion, this report has identified an association between the presence of serology-identified Toxocara infection and decreased lung function in New York City residents, which is consistent with similar findings among the US population as a whole. The limitations in this study require a tempered approach to the interpretation of these findings, and certainly preclude direct causal conclusions. Rather than an etiologic study, this investigation should be viewed as a surveillance instrument for a small and unique subset of the US population, whose landscape comprises the greatest population density in the country. The signal identified by this surveillance may portend a genuine neglected infection in this US subpopulation. However, a far more widespread and robust sample with a longitudinal study design from this urban center will be required before more specific conclusions can be drawn regarding both the landscape epidemiology of Toxocara infection in New York City, and the etiology between Toxocara infection and lung function more generally.
